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ABSTRACT
The size, growth and age of two congeneric archer fishes Toxotes jaculatrix and Toxotes chatareus collected from Johor 
coastal waters, Malaysia was studied. The standard length (SL) and body weight (BW) ranges of the two species caught in 
the study area were 7-12.2 cm SL (9.35±0.19 cm), 11-55 g BW (27.04±1.62 g) and 8-12.2 cm SL (9.88±0.17 cm), 15.12-54 
g BW (30.52±1.72 g), respectively. The ratio of male and female specimens of T. jaculatrix and T. chatareus were 70%, 
30% and 68.6%, 31.4%, respectively. The estimated von Bertalanffy growth parameters were L
∞ 
= 12.78 cm, 13.59 cm 
and K = 1.46 year-1, 1.53 year-1 with a growth performance index of Ø’ = 5.48 and 5.64 in both species, respectively. 
In order to determine the age, the technique of reading and interpretation of the daily growth increments/rings in the 
sagittae otoliths and scales were applied. Daily growth increments and annulus of scales counts confirmed that the ages 
of the samples for both species were typically less than one year (<1) and the remnant samples were between one and 
two years. The similarity between scale and otolith age determination was identical and dissimilarity was observed only 
in few samples of both species. 
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ABSTRAK
Saiz, tumbesaran dan umur bagi dua spesies ikan sumpit Toxotes jaculatrix dan Toxotes chatareus yang dikumpul dari 
perairan persisir Johor, Malaysia telah dikaji. Julat panjang piawai (SL) dan berat badan (BW) bagi kedua-dua spesies 
yang telah ditangkap dari kawasan kajian adalah masing-masing 7-12.2 cm SL (9.35±0.19 cm), 11-55 g BW (27.04±1.62 
g) dan 8-12.2 cm SL (9.88±0.17 cm), 15.12-54 g BW (30.52±1.72 g). Nisbah spesimen jantan dan betina untuk T. jaculatrix 
dan T. chatareus adalah masing-masing 70%, 30% dan 68.6%, 31.4%. Parameter tumbesaran von Bertalanffy yang 
dianggarkan daripada populasi ikan tersebut ialah L
∞ 
= 12.78 cm, 13.59 cm dan K = 1.46 tahun-1, 1.53 tahun-1 dengan 
suatu indeks keupayaan tumbesaran Ø’ = 5.48 dan 5.64 masing-masing bagi kedua-dua spesies. Bagi menentukan 
umur, teknik membaca dan menterjemahkan peningkatan tumbesaran harian/gegelang dalam otolith sagita dan sisek 
telah diguna pakai. Pengiraan peningkatan tumbesaran harian pada gegelang anulus sisek mengesahkan bahawa umur 
bagi kebanyakan spesies ikan yang dikaji adalah kurang dari satu tahun manakala bakinya adalah antara 1-2 tahun. 
Kesamaan penentuan umur antara sisik dan otolith didapati sama dengan sedikit perbezaan pada sejumlah kecil sampel 
bagi kedua-dua spesies. 
Kata kunci: Otolith; saiz; sisik; Toxotes chatareus; Toxotes jaculatrix; tumbesaran
INTRODUCTION
There are seven species in the genus Toxotes, commonly 
referred to as archer fishes (Allen 2004). According to 
Allen (1978) and Froese and Pauly (2005), these fishes are 
mainly in the brackish water of mangrove-lined estuaries. 
These fishes are relatively scarce and specimen collection 
is cumbersome in a complex rooting systems of mangrove 
forest complimented with their sharp eye vision and fast 
swimming speed (Blaber 2000). As a corollary, little is 
known about the biology and ecology of these fascinating 
fishes.
 Recently we reported some biological aspects of 
archer fishes (Simon & Mazlan 2008a, 2008b; Simon et al. 
2009; Simon & Mazlan 2010). Detail information vis-à-vis 
size and growth are essential for a complete knowledge 
of life history, growth rates, age at sexual maturity, and 
average life span (Chung & Woo 1999; Polat et al. 2001). 
Moreover, knowledge of age structures of fish populations 
allows estimation of growth, mortality and recruitment, 
and thus contributes to calculations of production rates of 
populations (Hilborn & Walters 1992). 
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 Determining the age of fish often involves counting 
increments in skeletal structures such as otoliths (Francis et 
al. 1992), opercula (Hostetter & Munroe 1993), vertebrae 
(Francis & Mulligan 1998), scales (Jones 1980), or fin 
spines and rays (Davis 1977). However, not all structures 
are of equal reliability or application, e.g., external 
structures such as scales may be taken without sacrificing 
fish, but are likely to underestimate age (Beamish & 
McFarlane 1983). Currently, the interpretation of otolith 
structure is the primary method used for ageing Teleostean 
fishes (Stevenson & Campana 1992), yet all methods of 
ageing must first be validated to both ensure that estimates 
are accurate, and to assess the precision of counts (Beamish 
& McFarlane 1983). Recent research indicates that there is 
a close relationship between otolith weight and age (Lou 
et al. 2005). Such relationships have been demonstrated 
in numerous species of both temperate and tropical fishes 
(Lou et al. 2005) other than archer fishes. 
 Although archer fish are available in Malaysia, 
information regarding population size structure, age 
and growth of these fascinating fishes are still lacking. 
Therefore, the aim of the present paper is to elucidate 
the population size structure, growth and age of the two 
congeneric archer fishes T. jaculatrix and T. chatareus 
collected from Johor coastal waters, Malaysia. 
MATERIALS AND METHODS
FIELD SAMPLING AND LABORATORY PREPARATION
Sampling of the fish was carried out in the estuaries of 
south Johor (01o24’53 N; 104o09’44 E) the southern part 
of Peninsular Malaysia, from August 2007 to July 2008. 
Samples were collected using 3 layered trammel, cast, 
scoop nets, as well as traps. These gears were set up at 
random in appropriate places along the study areas. The 
mesh sizes of the trammel and cast nets were 4.2, 6.5, 7.5 
and 2 cm, respectively. Mesh size of the scoop net was 
1.5 cm. The length of the trammel net was 20 m, 250 cm 
for cast net and 40 cm diameter for scoop net. Specimen 
identification was carried out in the field according to the 
description given by Allen (2004). 
 A total of 85 archer fishes were caught throughout 
the study. Sex of the mature specimens was determined 
by dissection and visual macroscopic examination of 
the gonad. The specimens were kept in the ice prior to 
subsequent analysis in the laboratory. 
GROWTH STUDIES
LENGTH-AT-AGE ANALYSIS
The lengths (Total length, TL and Standard length, SL) of 
the fishes were measured to the nearest centimeter (cm). 
Body weight (BW) was determined to the nearest 0.01 g 
using an electronic balance. Length-at-age analysis was 
based on the SL and age estimated from scales and otolith 
growth rings. The growth performance index was obtained 
using FiSAT II vers. 1.22 (Gayanilo & Pauly 2004) and 
the following equation; ∅’ (phi pirme) = In K + 2* In L
∞
 
(Munro & Pauly 1983; Pauly & Munro 1984). Population 
growth estimation were based on the von Bertalanffy 
growth function (VBGF), Lt = L∞ (I - exp–K(t-t0) where Lt is 
the length at age t, L
∞
 is the asymptotic length and K is 
the growth coefficient. Estimation of t 0 was performed 
using the Von Bertalanffy Plot as shown in Figure 5a. The 
length weight relationship (LWR) was calculated using 
the allometric regression analysis (W = a × SLb)(Le Cren 
1951; Abdallah 2002), where W is body weight (g), SL is 
standard length (cm), a is the intercept, and b is the slope 
(fish growth rate).
Age Determination   Out of 85 specimens, 33 of T. 
jaculatrix and 21 of T. chatareus individual scales and 
otoliths were examined and yielded interpretable age 
estimates. The remnant scales and otoliths were rejected 
because they were either broken or unreadable. For each 
specimen about 10 scales were sampled from the central 
portion of the body below the lateral line (Chung & Woo 
1999; Paul 1967). The scales were treated in 0.5% ammonia 
solution for at least 2 days, rinsed thrice with distilled 
water, dried and mounted between two microscope slides. 
Regenerated scales were discarded (Chung & Woo 1999). 
The sagittae otoliths were taken by dissecting the dorsal 
part of the fish head, where upper head sections were cut 
diagonally just below the base of the periscopic eyes. The 
sagittae otoliths were processed to the desirable thickness 
and mounted on an epoxy-resin block prior to grinding 
using fine carbonized sand papers (# 1000, # 3000) (Mazlan 
& Rohaya 2008; Secor et al. 1991). The mounted scales 
and otolith were labeled, observed and photographed 
under a “HITACHI Table Top Scanning Microscope TM-
1000” as well as “ZEISS Stereo Microscope Stemi DV4/
DR”. The scales and otolith were weighted to the nearest 
0.0001 g precision using an analytical balance “A & D 
Model-GR-200”. 
 The largest and shortest diameters of the otolith 
were measured for both species according to Moreno and 
Morales-Nin (2003) (Figure 1(a)). The daily increment 
or rings of the scale were repeatedly counted using the 
AdobeTM graphic software with slight modification of 
Mazlan and Rohaya (2008). Age of the fishes was estimated 
based on the number of daily increment or rings (age in 
days) as well as the annulus (age in years) on the scale, as 
shown in Figure 2 (Campana & Neilson 1982; Werder & 
Soares 1985).
RESULTS AND DISCUSSION
GROWTH STUDIES
The largest individual found was a female with a SL of 
12.2 cm and BW 55.0 g; the largest male was 11.5 cm and 
BW 47.81 g. The most abundant year class was found to be 
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a constant proportion to the length (Weatherley & Gill 
1987). When ‘b’≠ 3, allometric growth pattern takes the 
form which could be negative or positive. When ‘b’ < 
3, negative allometry in growth pattern is indicated and 
when ‘b’ > 3, the pattern of growth is described as positive 
allometry. 
 The result showed that the population growth pattern 
was allometrically positive with regression coefficient 
‘b’ at 3.082±0.078 for male and 3.157±0.142 for female 
(Figure 4). This implies that they tend to become more 
FIGURE 2. Scale and sagittae otolith from an age 1+ individual 
archer fishes (a) scale (b) otolith (I = one annulus) (c) electron 
micrograph showing daily increment/ growth rings
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FIGURE 1. (a) External morphology of the sagittae otolith (dm-
shortest diameter, DM-largest diameter, N-nucleus) (b) right and 
length otolith of archer fishes (scale 0.15 cm) (c) relation between 
largest and shortest diameter of otoliths in archer fishes
less than a year (Figure 3) and the most abundant length 
class ranges were from 8 to 10 cm. 
 The length-weight relationship is presented in Figure 
4, with the parameters of LWR obtained in this study. The 
overall growth exponent ‘b’, obtained in this study ranged 
from 3.082 to 3.157. In isometric growth pattern, the 
growth exponent, ‘b’ = 3, where the body form maintains 
(a)
(b)
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spherical as they grow larger. According to Pauly and 
Gayanilo (1997), ‘b’ values may range between 2.5 and 3.5 
and the calculated ‘b’ values for the two species between 
sexes fall within this range. Estimates of the allometry 
coefficient can be related to ecological processes and life 
history (Andrade & Campos 2002). Within the studies 
species, population growth conditions for female were 
more positive allometric than males. 
 In the present study, the goodness of fits for length-
weight relationship model was analyzed using χ2 (chi-
square) and the results demonstrated that the best fitted 
model (no significant differences as denoted by low χ2 
values) was both species female in comparison to their 
males (Figure 4).
 Commonly practiced fish population dynamics 
research uses large amounts of length frequency data for 
population growth estimates. The present study collected a 
total of only 85 specimens over 12 months. The estimates 
of the von Bertalanffy growth parameters provide only 
preliminary information on the growth patterns of 
the archer fishes from the limited study area. The von 
Bertalanffy growth model, fitted to the observed length-
at-age data is illustrated in Figure 5. 
 The estimated growth parameters for both species L
∞ 
= 12.78 cm and 13.59 cm SL, K = 1.46, 1.53 year-1, with 
growth performance Ø’ = 5.48, 5.64, respectively (Table 
1) in the present study were not comparable with other 
archer fishes elsewhere because of size differences. 
AGE DETERMINATION
Scales and otoliths for the two species showed clear 
growth zones (Figure 2) with each zone consisting of wide 
translucent band and narrow opaque band. The length 
and weight of scales were highly correlated (r2 = 0.924), 
similar result also observed in otolith length and weight 
(r2 = 0.937), even though there were some divergences 
in their exponent ‘b’ values. In scale the exponent ‘b’ = 
2.917 indicated that scale length augmented as scale weight 
increased (approaching to isometric type of growth pattern) 
while in otolith ‘b’ = 1.834 revealed the opposing growth 
pattern in comparison to scales (Figure 6(a, b)). Moreover 
there was a linear correlation with scale and otolith length 
with fish standard length (SL) (r = 0.973, 0.921). (Figure 
(6c, d)). 
 The results demonstrated for the T. jaculatrix in the 
size of range 9.2-12.2 cm SL (n=33) that estimated ages 
(both scales and otoliths analysis) were from 260-730 days 
and 260-728 days, while for T. chatareus, ranging from 
9-12.2 cm SL (n=21) the estimated ages were from 265-413 
days and 265-413 days, correspondingly (Figure 3). 
 Ageing of fishes from tropical waters has been 
reported through annual increments in calcified structures 
such as scales (Werder & Soares 1985; Mayekiso & Hecht 
1988), dorsal and pectoral spines (Pantulu 1961; Ezenwa 
& Ikusemiju 1981), vertebral centra (Brown & Gruber 
1988), and otoliths (Fowler & Doherty 1992). Scales are 
the easiest to collect and process. Using scales as structures 
FIGURE 4. Length-weight relationship of male and female 
T. jaculatrix and T. chatareus (polled data). Dotted regression 
line represents non-linear fit of male samples in both species 
while solid regression line represent non linear fit of 
female samples in both species
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FIGURE 3. Age of archer fishes (<1= < 365 days, 1-2 = 365-730 
days) (a) T. jaculatrix (b) T. chatareus
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TABLE 1. Estimates of the parameters of the von Bertalanffy growth equation for the two 
species, their estimated standard errors (SE) and 95% confidence intervals (CI)
Species Parameters Estimate S.E. 95% CI
T. jaculatrix L
∞
12.78 0.2598 12.21, 12.85
K  1.46 0.3351 1.783, 2.06
t0  -0.22 0.115 -
T. chatareus L
∞
 13.59 7.3025 11.95, 15.94
K  1.53 2.7664 1.09, 2.04
t0  0.03 0.223 -
FIGURE 5. Growth of archer fishes according to standard length SL, fitted with the Von Bertalanffy 
growth equation (a) Von Bertalanffy plot for estimating t0 from two species of archer fishes 
(b) length-at-age of T. jaculatrix (c) length-at-age of T. chatareus
(a)
Age (Years)
-In
(1-
L(
t)/
La
)
(b)
Age (Years)
Le
ng
th 
(cm
)
(c)
Age (Years)
Le
ng
th 
(cm
)
for ageing also avoids sacrificing the specimens like those 
in ageing methods employing otoliths. Using scales for 
fish ageing, however, suffers drawbacks for instance, 
difficulties in reading annuli method has low precision 
(Lowerre-Barbieri et al. 1994), and that scale ages may 
become inaccurate when growth becomes asymptotic 
(Beamish & Mc Farlane 1987; Shepherd 1988). Within 
the studied species, there were no disparity between sizes 
and shapes of right (R) and left (L) otoliths (Figure 1(b)) 
of the same individuals, therefore the overall relationships 
were calculated with the measurements of the right otoliths. 
The largest (DM) and shortest (dm) otolith diameters were 
highly correlated (r2 = 0.93 and S.D. = 0.02) (Figure 
1(c)).
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 It was observed in the present study that juvenile 
specimens (<1 years) were dominated in number than 
sub-adults and adults (1-2 years) specimens (Figure 
3). Moreover it was also noticed that the number of 
individuals in 1-2 years cohort were relatively higher 
in otolith ageing in comparison to scales ageing in both 
species (Figure 3).
 Nevertheless, in the present study, both scales and 
otoliths were found to be a very efficient and effective 
structure for determining the age of archer fishes and 
the estimated ages from scales and otoliths were almost 
analogous for both T. jaculatrix and T. chatareus fishes 
(Figure 3). We agree with Sullivan et al. (2003) that, otolith 
required prolonged preparation than the removal of scales, 
and the otolith analysis demand special equipment for 
sectioning and is labor intensive. Besides, we also noticed 
that otoliths of the archer fishes often proved to be useless 
for age determination due to high opacity and is delicate 
for handling.
 In this research the reliability of scale readings was 
increased by sampling scales only from a fixed position, 
where the scales have large uniform size, better symmetry, 
and high legibility. However, as extremely senescent 
specimens were unavailable in this research, annuli 
readings have been relatively legible and reliable (Chung 
& Woo 1999). 
 In conclusion, the estimated ‘b’ values derived from 
the allometric length-weight relationship indicated that 
both species becomes more spherical as their length 
increase. The present study found that both T. jaculatrix 
and T. chatareus populations in the study area comprises 
juvenile age group (<1 year) in comparison to sub-adult 
and adult age group (1-2 years). This young archer fishes 
apparently grow faster as indicated by estimation of the 
growth performance indices. We also observed that, the 
use of scales in age determination for archer fishes is 
more appropriate in comparison to otoliths. Furthermore 
the population of archer fish species in Malaysian 
estuaries is dwindling over time due to fishing pressure 
and habitat destruction. Therefore the use of scales in age 
determination and life history study are pertinent for these 
rare fascinating fish species. 
(b)
 FIGURE 6. Relation of (a) scale length and scale weight (b) otolith length and otolith weight (c) scale length and standard length 
(d) otolith length and standard length of both species of archer fishes
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